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The  convergence  hypothesis  has  been  widely  analysed  in  the  economic  literature.  In 
particular many study focused their attention on testing the existence of conditional convergence (β-
convergence). The last term derives by the β coefficient of the neoclassical growth model (Solow 
1956) and it is a measure of the speed of convergence of an economy towards its steady state. We 
can say that there is β convergence if there is an inverse relationship between per capita growth 
rates and its initial level. In other words if regions with lower initial per capita income grow faster 
then they converge to the relatively more developed regions. 
As  regards  Italian  regions  some  studies  tried  to  explain  large  economic  disparities  in 
particular between the Centre-North and South areas (Faini 1983,  Di Liberto and Symons1998, 
Lodde 2000, Forni and Paba 2000, Paci and Pigliaru, 1999, Vamvakidis 2003) but the debate is still 
open. The great part of the empirical analyses show that convergence took place during the 1960s 
with some  finding evidence  of divergence (Paci  and Saba 1998,  Paci and  Pigliaru  1999).  This 
process stopped during the period 1970-1995. The latter divergence is mainly due by a slow growth 
in the South regions while the rest of Italy converges; besides Italian regions converge again since 
the mid 1990s, although with a relative small speed (Vamvakidis, 2003).  
In this paper we follow a new approach recently proposed by Vogelsang and Tomljanovich (2002) 
to test the presence of β-convergence among Italian regions, in the period 1980-2003, in presence of 
a trend break in the series. The break year is considered either known (1992) and endogenously 
estimated from the data. The benefits of this methodology is the overall validity both for general 
serial correlation in the data and persistent correlation in the error terms without requiring unit root 
pre-tests. Generally the econometric results relative to the known trend break date model show the 
presence of a convergence process for the considered regions. The results of the known trend break 
date model are more robust that those relative the unknown one. 
The paper is organized as follows: section 2 describes the methodology; section 3 discusses the 
econometric  results  and  section  4  concludes.  The  appendix  shows  tables  containing  the 
econometrics results.  
 
 
 2. Methodology 
 
In this section we review the methodology used to test the presence of β-convergence among Italian 
regions. We followed the approach recently proposed by Vogelsang and Tomljanovoch (2002) for 
trend function hypothesis tests purposes. The benefits of this methodology is the overall validity 
both for general serial correlation in the data and persistent correlation in the error terms without 
requiring unit root pre-tests. 
The general hypothesis of β-convergence requires that richest economies grow slower than ones 
with per capita income below the average level. Therefore an appropriate analysis of this process 
consists of testing hypotheses on the parameters of a deterministic trend function of the relative per 
capita income. Let be yt  the logarithm of the ratio of per capita income of a region to the average 
income at country level, the trend function of yt  will be as follows: 
yt = μ+ βt+ ut            (1) 
where t indicates the trend and ut zero mean random errors serially correlated. Given this expression 
μ  represents  the  initial  level  of  y  while  β  is  its  growth  rate.  For  the  misspecification  and 
interpretation problems deriving by the presence of serial correlation both in data and error terms 
Vogelsang and Tomljanovoch (2002) proposed modified statistics to use in testing the significance 
μ and β derived by simple OLS regressions. 
Two are the regressions proposed by the authors. The first is given by: 
t t t t t t u DT DU DT DU y + + + + = 2 2 2 2 1 1 1 1 b m b m         (2) 
where DU1t = 1 if t≤ Tb and 0 otherwise, DU2t = 1 if t> Tb and 0 otherwise, DT1t = t if t≤ Tb and 0 
otherwise, DT2t = t- Tb if t> Tb and 0 otherwise, with Tb as the break year which could generate a 
change in the parameters of the trend function. We will consider the break both known (equal to 
1992
1) and unknown. In the last case it will be estimated endogenously from the data. Parameters μ1 
and μ2 indicate whether relative income of a region, respectively before and after the break, is either 
below (μi <0) or above (μi >0) the average country level while β1 and β2 are growth rates during the 
two periods. 
The second regression is as follows: 
1 1 1 1 2 2 2 2 t t t t t t y SDU SDT SDU SDT S m b m b = + + + +         (3) 
 
                                                 
1 We considered 1992 as break year in the regressions since in this year Italy abandoned the European Monetary System 
and the Italian currency began to follow a flexible exchange rate regime with considerable effects on competitiveness 





















=￿ ,with i=1,2. 
For the convergence hypothesis all the parameters μi and βi should be statistically significant and 
have signs consistent with convergence, that is βi <0 when μi >0 and or the contrary. In testing 
these hypotheses Vogelsang (1997) provides modifications of the ty and tz
2
 statistics computed by 
the standard OLS regressions in order to gain more  robustness for results in presence of serial 
correlations in the data and errors I(0) or I(1). For the yt regression the appropriate modified t-
statistics are simply T
-1/2 ty where T is the sample size. For the zt regression the appropriate modified 
t-statistics  are  defined  as  t-PSt  =  T
-1/2  tzexp(-bJT),  where  b  is  a  constant  and  JT  is  a  statistics 
proposed by  Park  and  Choi  (1988)  and  Park  (1990)  for  testing  the  null  hypothesis  that  trend 
function errors (eq. 1) have an autoregressive unit root and  
JT = (RSSy — RSSj)/ RSSj 
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The t-PSt statistic contains the parameter b which choice depends on the significance level in the 
sense that it is given such that the asymptotic critical value of the statistics is the same when the 
errors are stationary (I(0)) and when they have a unit root (I(1)). A value equal to zero will be given 
if errors are known to be I(0), in this case, therefore, no JT correction will be necessary. 
Asymptotic distributions for the modified statistics depend on the break date used in the 
regressions and in particular whether the break date is assumed known or unknown. When unknown 
the break date can be estimated from the data. We will follow the estimation method proposed by 
Vogelsang and Tomljanovoch (2002). This method consists in the estimation of the regression 2 for 
break dates in the range Tb*, Tb* + 1,..., T - Tb*, with Tb* = λT where λ indicates the amount of 
trimming.  For  each regression the T
-1 multiplied  by the  Wald  statistic for  testing the no break 
hypothesis (μi <0) or above (μ1 = μ2 joint to β1 = β2) is computed. The endogenous break date is the 
one correspondent to the largest normalized Wald statistic. This procedure avoid some data-mining 
problems related  to an a priori choice but,  giving fewer  statistically significant point estimates 
potentially damps the results in favour of the β –convergence. 
Critical values for both the modified statistics are tabulated by Vogelsang (1997). 
 
 
                                                 
2 ty and tz are the t statistics for testing μi =0 and βi =0 in regressions (2) and (3). 
3 Vogelsang (1998) recommended that the polynomial order should be 9 because for greater orders the increase in 
power of the t-PSt test is paltry. 3. Results 
 
This  section  presents  results  of  the  econometric  model  described  in  the  previous  one. 
Sample data consists of the GDP per worker in terms of PPP for all Italian regions (NUTS2 level) 
during the period 1980-2003. Estimation results are showed in the appendix, tables 1-4. Table 1-3 
show  the  estimated coefficient  together  with the  modified  t-statistics (in  parentheses) of the yt 
regression (equation 2),  zt regression (equation 3) without JT correction and  with JT correction, 
respectively for both known and unknown trend break date models. In particular, below each point 
estimates, in the table 1 the T
-1/2ty statistics are presented in parentheses, table 2 shows the t-PST 
statistics (using b=0), in table 3 the t-PST statistics are computed applying the JT correction and 
presented for 10% and 5% tests (the first value in parentheses are relative to 10% test). 
The tables reports the modified t-statistics critical values at 10% and 5% in the last two rows and 
the estimated break date for the unknown trend break date model in the last column. 
Table 4 synthesizes the results of table 1,2 and 3. β convergence requires µ>0 and β<0 or µ<0 and 
β>0,  so  the  letter  C  indicates  point  estimates  compatible  with  β  convergence  and  statistically 
significant at least at 10% level; c signifies points estimates compatible with β convergence but with 
only one coefficient statistically significant at least at 10% level; the D evidence the presence of a 
divergence  process  with  both  coefficients  statistically  significant  and  only  one  coefficient 
statistically  significant,  respectively;  finally, E denotes  very  small and statistically  insignificant 
point estimates which indicates that β convergence has occurred. 
The first outcome is that estimates of µ1 are often statistically different from zero either in the known 
and unknown trend break date model. This result evidence that initial per capita GDP were not the 
same respect to the Italian average for almost all the regions. 
The  results  of  the  known  trend  break  date  model  are  more  robust  that  those  relative  the 
unknown one. In fact, when 1992 is considered as break date the statistical significance of the 
coefficients is remarkably stronger.  
Generally  the  econometric  results  relative  to  the  known  trend  break  date  model  show  the 
presence of a convergence process for all the Italian regions in the considered period. Before 1992 
(pre-break) all regions, except for Piemonte, Lombardia and Umbria, show a convergence process. 
Specifically Piemonte and Lombardia strongly diverge (D) while Umbria presents some evidence of 
divergence (d) in the pre-break period. In the post-break period these three regions weakly converge 
too. After 1992 only Veneto, Liguria, Emilia, Molise, Sardegna show a weak divergence process 
while all the other regions converge. These four Italian regions showed some evidence of strong 
convergence in the pre-break period. All the other regions converge in both pre and post break 
periods. In particular, Valle d’Aosta, Lazio, Marche, Puglia, Calabria, Abruzzo and Sicilia show some evidence of β-convergence before and after 1992; Campania  shows a strong convergence 
process before  the  considered  break  date  and  some  evidence  of β-convergence after,  Trentino, 
Friuli, Toscana, Basilicata present some evidence of strong convergence in the pre-break period and 
weak convergence in the post-break one. 
When the break date is assumed unknown results strongly depend on the econometric model used to 
estimate the β-convergence. The overall outcome is, therefore, less pronounced. In particular, the 
outcome  for  Piemonte,  Valle  D’Aosta,  Lombardia,  Veneto,  Friuli,  Liguria,  Emilia,  Toscana, 
Umbria, Abruzzo, Basilicata, Sardegna and Sicilia is not far different from the known break date 
model. Trentino Alto- Adige and Campania seem, on the contrary, to diverge in the post break 
period when the break date is chosen endogenously. For the rest of the sample results are relatively 
different from the known model and in some cases the resulting evidence is of divergence. The 
latter outcome reflects the characteristics of the weakness for the β-convergence case generated by 




The objective of the paper is to verify the presence of β-convergence among Italian regions 
considering a trend break in the series on the base of the methodology recently used by Vogelsang 
and Tomljanovoch (2002). 
When we consider a known trend break date model (break year=1992) the results evidence the 
presence of a convergence process for most of the Italian regions in the considered period.  
The outcome relative to the unknown break date model, on the contrary, strongly depend on the 






Table 1.Results of the yt regression estimation  
Yt  Known  break  date  Tb=1992  Unknown  break  date     
Region  µ1  β1  µ2  β 2  µ1  β1  µ2  β2  Tb 




























































































































































































































































































































































I(0) 10% cv  ±0,389  ±0,676  ±1,820  ±1,560  ±0,671  ±1,47  ±2,370  ±1,480   
I(0) 5%  cv  ±0,504  ±0,887  ±2,390  ±2,040  ±0,875  ±2,000  ±3,000  ±2,010   
 
  
Table 2.  Results of the zt regression estimation without JT correction 
Zt b=0  Known break date Tb=1992  Unknown break date     
Region  µ1  β1  µ2  β 2  µ1  β1  µ2  β2  Tb 




































































































































































-0,026 **                                                         
















































(2,918)  1990 
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(-0,340)  1986 
I(0) 10%cv  ±0,854  ±0,683  ±1,030  ±0,908  ±1,570  ±1,330  ±1,140  ±0,936   
I(0) 5% cv  ±1,120  ±0,883  ±1,350  ±1,200  ±2,190  ±1,760  ±1,500  ±1,270   
  
Table 3. Results of the zt regression estimation  with JT correction 
Zt b≠0  Known break Date Tb=1992  Unknown break date     
Region  µ1  β1  µ2  β 2  µ1  β1  µ2  β2  Tb 









































































































































































































































































































































































































































































































































I(0) 10% cv  ±0,854  ±0,683  ±1,030  ±0,908  ±1,570  ±1,330  ±1,140  ±0,936   
I(0) 5% cv  ±1,120  ±0,883  ±1,350  ±1,200  ±2,190  ±1,760  ±1,500  ±1,270    
 
Table 4. Synthesis of the econometric results 
   
t-PsT:I(0) Errors assumed 
 
t-PsT: robust to I(1) Errors 
 
T
-1/2ty : robust to I(1) Errors 

























Piemonte  D  C  d  C  D  c  d  C  D  c  d  C 
Valle 
d’Aosta 
C  C  C  E  c  C  c  E  c  c  c  E 
Lombardia  D  C  D  C  E  E  d  c  D  c  D  C 
Trentino 
Alto Adige 
C  C  C  d  C  c  C  E  C  E  c  E 




C  C  C  c  E  E  E  E  C  E  C  E 
Liguria  C  d  c  d  E  E  c  d  C  d  c  d 
Emilia  C  d  C  d  c  E  C  D  C  E  C  d 
Toscana  C  c  C  c  C  E  c  E  C  E  c  E 
Umbria  D  E  d  d  E  E  E  E  d  E  E  E 
Abruzzo  c  C  c  C  C  c  C  c  c  c  E  E 
Basilicata  C  E  d  D  C  C  c  C  c  E  c  c 
Calabria  c  c  d  E  C  C  C  d  c  c  c  E 
Campania  C  c  d  d  C  c  C  d  C  C  E  d 
Lazio  c  c  d  d  C  C  C  C  C  c  c  E 
Marche  c  c  d  d  c  C  d  C  c  c  d  c 
Molise  C  E  d  E  C  d  C  D  C  d  c  E 
Puglia  c  c  D  c  C  C  c  d  c  c  c  E 
Sardegna  C  E  E  E  C  d  E  d  E  E  E  d 
Sicilia  c  E  c  E  c  c  c  c  E  E  E  E 
 
C indicates point estimates compatible with β convergence and statistically significant at least at 10% level; 
c signify points estimates compatible with β convergence but with only one coefficient statistically significant at least at 
10% level;  
D  evidence the presence of a divergence process with both coefficients statistically significant at least at 10% level; 
d signal point estimates consistent with divergence with only one coefficient statistically significant at least at 10% 
level; 
E denotes very small and statistically insignificant point estimates which indicates  that β convergence has occurred. 